Abstract. The greenhouse, nursery, and sod (GNS) sector in the United States accounted for $10 billion in gross sales or 5% of gross farm receipts, in 1998. Despite its signifi cant economic con tri bu tions, the sector receives little attention from policymakers. Part of the problem lies in the absence of empirical economic analysis that addresses the im pact of the sector on the U.S. economy. The absence of such analysis places the sector at a disadvantage when agricultural policies are designed to address agricultural im bal anc es, such as farm income problems, and hinders the ability of the sector to lobby for policies favorable to GNS producers. This study provides estimates of the economic im pacts of the GNS sector on the U.S. econ o my and quantifi es the linkages be tween the GNS sector and other economic sectors. The results show that the sector contributed over $26 billion and $17 billion in output and value added economic ac tiv i ty, respectively, and over 438,000 jobs.
Major policy initiatives, such as the 1996 Farm Bill, provide the framework within which agricultural commodity programs operate. In the case of the 1996 Farm Bill the programs are guided by Title 1 of the Farm Bill called the Agricultural Marketing Transition Act (AMTA), and provide important benefi ts to producers of traditional commodities, such as corn, sorghum, barley, oats, wheat, cotton, and rice (see Tavernier and Brumfi eld, 1996, FS857) . While the traditional commodities make an important contribution to the agri cul tur al econ o my of United States, so too does the greenhouse nursery and sod (GNS) sector. Yet this sector receives no benefi ts from those programs.
In 1997, for example, the total value of agricultural output was $196.9 billion, of which crops, including nursery and greenhouse crops, accounted for $98 billion. The GNS sector accounted for 5% of agricultural output and 11% of crop sales in that year (USDA, 1999a) . Between 1988 and , cash receipts from the GNS sector increased by 121%, while cash receipts from non-GNS crops decreased by 62% (USDA, 1998) . During that period, the value of total agricultural output increased by 45% (USDA, 1999b) . The differential sug gests that the GNS sector is playing a sig nifi cant role in the farm income balance sheets of U.S. agriculture. Table 1 ranks the top 10 GNS producing states in 1992 and 1998. California and Flor i da suggest an increasingly important future role of the GNS sector in U.S. agriculture.
As the role of the sector increases, quan tify ing its contribution to the U.S. economy be comes more important. Such contribution is often lost in aggregate analysis and could mask important economic contributions or defi ciencies in the U.S. agricultural sector. While aggregate analysis is sometimes useful, and in most cases the only analysis possible because of data limitations, its utility to policymakers is often questionable because it fails to iden ti fy sector-specifi c contributions, and there fore makes sector-specifi c policy dif fi cult.
The following study addresses the above problem by disaggregating the agricultural sector to identify and quantify the economic linkages between the GNS sector and certain sectors in the economy in terms of em ploy ment, value added, and industry output. The examination of those linkages provides a frame work within which the potential consequences of a decrease in the demand of GNS products translates into economic consequences for oth er agricultural and nonagricultural sec tors. Such analysis is important not only to policymakers but to GNS producers. More importantly, how ev er, the study adds to the limited body of research in that area of GNS-related economic impact research, by iden ti fy ing not only the indirect effects of GNS economic activity, but also the induced effects of the sector.
Materials and Methods
The economic framework used to analyze the economic contributions of the GNS sector draws from previous work of Tavernier et al. (1995) . The framework utilizes economic base theory from regional eco nom ics. The primary thesis of the theory is that there exists a re la tion ship between export-generating (some times referred to as basic employment) and residentiary (sometimes called non-basic em ploy ment) activities, and between export-gen er at ing employment and population (Hoover and Giarratani, 1984; Maki, 1991) . Thus, any activity that leads or determines the growth of a local economy is viewed as basic, while the non-basic activities are spillover results or positive externalities from such growth. Ex ports are generally de fi ned as any extra-re gion al activity that in tro duc es "new revenues" into the local economy and helps the growth of that economy. Under that definition, a service can be viewed as an export maintained their dominant positions as num ber 1 and 2 GNS producing states, re spec tive ly. However, their national contributions to cash receipts changed over that period. For example, between 1992 and 1998 cash re ceipts from GNS increased from 20% to 20.4% in California, but decreased from 10.9% to 10.6% in Florida. North Carolina moved from a number 3 ranking in 1992 to number 4 in 1998. Pennsylvania improved from number 9 to number 8, while New York dropped from number 6 to number 9. Oklahoma remained at number 10 over that period.
Although the determinants of the growth of the sector are not investigated here, sug ges tions have been advanced to explain its growth. In the case of Pennsylvania, the proximity to the "high traffi c" markets of Philadelphia and New York City appears to provide an im por tant stimulus to growth (NJ FARMS, 1991) . The favorable climate in California, Florida, and Texas, coupled with signifi cant pop u la tion growth, may help explain their dom i nance in the industry. In addition to the ben e fi ts of urbanization, increased residential con struc tion has been shown to have a positive relationship on the sale of U.S. nursery stock (Johnson and Jensen, 1992) . These factors activity once it introduces new money into the local economy. The local economy may be a municipality, county, state, nation or region. Identifying the components and con tri bu tions of the eco nom ic base of the local economy should be a con tin u ous process be cause the economic con tri bu tions of a sector are likely to change over time.
The input-output technique is used for the economic analysis of the GNS sector. The technique is useful for such purposes because it allows for the identifi cation of structural linkages within an economy. The technique has undergone signifi cant intellectual de vel op ment (Isard, 1951) and has been used in many empirical applications (Chenery, 1953; Leontief, 1953) . The technique has been used to examine the economic linkages of the U.S. greenhouse and nursery products industry (Harris et al., 1992) . The au thors conclude that the GNS sector generated $5.5 billion of eco nom ic activity in 1977. A shortcoming of that analysis is the absence of induced or house hold effects from GNS-re lat ed economic ac tiv i ty. These effects are cap tured by IMPLAN (Impact analysis for PLANning). Turner and Kriesel (1995) use IM-PLAN to examine the relative importance of the green industry, which includes grass seed products, greenhouse and nursery prod ucts, and landscape and hor ti cul tur al services, on the U.S. agricultural econ o my in terms of output and employment. That anal y sis does not include the induced effects of household spending on the economy. IMPLAN has also been used to examine the greenhouse industry in New York State (Uva, 1999) .
IMPLAN uses input-output techniques and was developed by the Forest Service of the U.S. Dept. of Agriculture (U.S. Forest Service, 1992). The greatest level of disaggregation is 528 sectors, but the sectors can be aggregated by the user as desired. IMPLAN is nonsurveybased, using national technical coeffi cients derived from the 1982 U.S. input-output ac counts (USDC, 1991), assumes a uniform na tion al production technology and uses the re gion al purchase coeffi cient approach to re gion al ize the technical coeffi cients (Rickman and Schwer, 1995) . Technical details about IMPLAN can be found in IMPLAN Pro fes sion al Version 2. IMPLAN has been used to estimate economic impacts in the forest in dus try (Tavernier, 1987; Templeton and Goldman, 1996) , recreation and tourism (Borden et al., 1996; Goldman et al., 1998) , environmental issues (Bernow et al., 1996; Huebner, 1989) , and issues per tain ing to rural development (Goldman, 1997; Robison, 1997) .
For this study, the 1993 IMPLAN database for the U.S. is used to calculate the economic impacts of GNS sales to fi nal demand (de mand by the ultimate consumers of the prod uct), and the IMPLAN Professional Version 2 software is used to perform the econometric analysis. IMPLAN is a demand-driven, back wardlinkage program. That version of IMPLAN generates Type I and Type II mul ti pli ers. Type I multipliers measure the direct and indirect effects of a change in economic activity. They capture the interindustry or sec tor effects only; that is industries buying from local industries.
In addition to capturing those two effects, Type II multipliers also include the incomes and expenditures of house holds. Thus for every one dollar change in fi nal demand for a particular industry, in creas es occur in interindustry economic ac tiv i ty (as in Type I), but increases also occur in the in comes of the people employed in pro duc ing the output of the particular industry. These people spend their income on personal con sump tion, which leads to demands from local industries.
The GNS sectorʼs infl uence on US econom ic activity is 3-fold. First, the GNS sector has a direct effect on the economy as busi ness es, households, real estate de vel op ers, and others buy GNS products. The second in fl u ence is an indirect effect as the GNS sector responds to increases for its products by pur chas ing inputs (e.g., labor from house holds, seed, and materials from business) to satisfy increases from fi nal demand. This round of economic activity does not go on indefi nitely as certain inputs are purchased outside of the local economy and are considered demand leakages. Kraybill and Dorfman (1992) sug gest that 50% of such activity is generated in the fi rst year and decline to 0% by the sixth year. The third infl uence is the induced con sump tion effect. This effect results from in creased household spending as more labor is hired in response to GNS-led economic ac tiv i ty. The paper assumes that the infl uences or multiplier effects respond proportionately to expenditures in the local economy.
Results and Discussion
Type II multipliers are used to arrive at the economic contributions of the GNS sector. The contributions are analyzed in terms of total industry output, employment, and value added. Total industry output represents the value of total GNS production; employment includes both full-time and part-time workers in the sector; and value-added includes em ploy ee compensation, proprietary income, oth er type of income, and indirect business taxes.
According to Table 2 , in 1993, the U.S. GNS sector generated almost $10 billion in direct sales, hired over 220 thousand people, and generated over $8 billion in value added ac tiv i ty. That economic activity increased indi rect demand in that sector by almost $700 million, and induced households to spend an additional $15 million. Thus the sector alone generated over $10.6 billion in total output activity or annual gross sales. In addition to its direct employment contribution, over 15,000 jobs were created, and a total of $8.7 billion in value added activity was generated within the sector.
In addition to its sector-specifi c con tribu tions, the GNS sector also impacts other sec tors. Table 3 presents the indirect effects of the GNS sector on agricultural services, land scape services, agricultural chemicals, retail trade, wholesale trade, and the real estate sec tors. The agricultural service sector includes establishments primarily engaged in per form ing soil preparation services, crop services, farm labor and management services, hor ti cul tur al services, among others (USOMB, 1987) . The analysis suggests that signifi cant economic linkages exist between the GNS sector and the agricultural services and whole sale trade sectors. Sales in those sectors in creased by $170 million and $148 million, respectively. Other noteworthy linkages exist with the real estate and agricultural chemicals sectors. Sales in those sectors increased by an identical $114.8 million.
The size of the economic linkages iden ti fi ed above would depend on the magnitude of the multipliers for the particular sector. Turn er and Kriesel (1995) provide Type I multipliers for some of the sectors identifi ed above. Re call that the Type I multipliers measure the direct and indirect effects of a change in eco nom ic activity and capture the interindustry or sector effects only; that is industries buying from local industries. According to Turner and Kriesel, the GNS sector has a Type I output multiplier of 2.7779. The magnitude of that multiplier suggests that a $1 million in crease in sales to fi nal demand causes an additional $1,777,900 in output throughout the U.S. econ o my.
The indirect value added and employment contributions of the GNS sector are also present ed in Table 3 . The agricultural services and wholesale sectors received the greatest economic benefi t from the GNS sector, with $138.6 million and $135.6, respectively. Em ploy ment in those sectors also increased by almost 10,000 jobs and over 2400 jobs, re spec tive ly. Value added and employment con tri bu tions for the landscape services, ag ri cul tur al chemicals, retail trade and real estate are also presented in Table 3 .
The induced effects from household spend ing are presented in Table 4 . From the mag ni tude of these effects, it is clear that the nona g ri cul tur al sectors benefi ted dis pro portion ate ly from the activities induced by the GNS sector. For example, induced real estate sector sales totaled almost $700 million compared to ≈$15 million for the agricultural services sector. The real estate sector includes real estate op er a tors, and owners and lessors of real prop er ty, as well as buyers, sellers, de vel op ers, agents, and brokers. The wholesale sec tor also experienced a signifi cant increase in sales of $460 million. That sector is pri ma ri ly engaged in selling merchandise to re tail ers, industrial, commercial, institutional, farm, construction contractors, or professional busi ness users among others. Other induced im pacts are also presented in Table 4 . The total economic contribution (direct, indirect, and induced) of the GNS sector on the U.S. economy in terms of output, value added and employment is presented in Table  5 . The fi gures represent the total economic impact for the 528 sectors in IMPLAN. Thus the fi gures in Table 5 represent economy-wide activity and show the signifi cant economic con tri bu tion of the sector. For example, in addition to almost $10 billion in direct output, the GNS sector produced over $16 billion in indirect and induced output. The value added con tri bu tion beyond the direct effect, totaled over $9 billion, while an additional 218,488 jobs were created throughout the economy. Put dif fer ent ly, output increased 1.6 times beyond ini tial GNS activity, whereas the value added contributions of the sector increased 1.3 times. The employment contributions of the sector almost doubled. These fi gures clearly imply that the economic contributions of the GNS sector are very signifi cant.
Summary and Implications
Input-output models, such as IMPLAN, are used extensively to conduct economic im pact analysis. These models may provide use ful insights into the economic con tri bu tions of specifi c sectors because they allow for various levels of aggregation or dis ag gre ga tion as need ed. The current study uses the 1993 IMPLAN database and IMPLAN ver sion 2, to disaggregate the agricultural sector to specifi cal ly examine the economic con tri bu tions of the U.S. GNS sector.
The results indicate that the sector alone contributed over $10 billion in output, almost 236 thousand jobs, and had value added activ i ty of almost $9 billion. The sectorʼs total impact on the U.S. economy is signifi cant in the size of its various contributions. Total GNS-related economic activity include over $26 billion and $17 billion in output and value added, respectively. Of the $26 billion in output activity, $16 billion are the result in di rect and induced output. In that regard the study extends the work of Harris et al. (1992) and Turner and Kriesel (1995) by in clud ing the impact of induced or house hold effects on the economy. The economic output activity is almost 5 times greater than that found by Harris et al. (1992) . In ad di tion to the output and value added eco nom ic activity, the sector also contributed over 438,000 jobs to the U.S. economy.
The implications for the growth of the sector and its economic contributions are clear. The analysis shows that the GNS sector has signifi cant linkages to the rest of the economy. Understanding those linkages is critical to gaining important insights into the adjustment process that the GNS sector might undergo as macroeconomic policies are instituted. For example, because of the sectorʼs signifi cant economic linkage to the real estate sector, the decrease in demand for housing as a result of increases in interest rates may decrease de mand for GNS products. Conversely, public policies that adversely affect the GNS sector may negatively affect the sectors to which GNS activity is more closely linked. 
